KIMURA, I., OHNUMA, A., SEKI, H., SASO, S. and KOGURE, K. Cognitive Impairment in Parkinson's Disease Assessed by Visuomotor Performance System and P300 Potential. Tohoku J. Exp. Med., 1990, 161, Suppl., 155-165-Motor impairment, clinically defined as bradycinesia has been considered as resulting only from motor system problems. Combined analysis of cognitive function and dynamic characteristics was studied in 20 patients with Parkinson's disease by a simple aiming task on visuomotor performance system. The dynamic characteris tics in a Parkinson's disease patient was evaluated by two parameters: decreased amplitude of the voluntary movement (=low gain constant) and delayed initiation of voluntary movement (=long reaction time). The visual event-related potential elicited in a target detection paradigm (P300 component) was recorded in 12 patients with Parkinson's disease. P300 latency was significantly prolonged in the patient group than in the normal control group (p<0.05). P300 has been shown to be intimately related to the cognitive process in the human brain and might well serve as a tool to monitor and evaluate the cognitive state in a clinical situation. The main cause of cognitive involvement in Parkinson's disease may include coexisting dementia and defective motivation. This type of cognitive disturbance may also serve partly as a cause of bradycinesia.
Parkinson's disease; bradycinesia; event-related potential; cognition showed normal range in all the subjects tested. No patients showed significant depression, sleep disturbance, sensory disturbance, speech disturbance or severe irritability.
Control subjects. Control group comprised 20 healthy volunteers, 14 man and 6 women, ranging in age from 25 to 82 (mean 51.9) who were hospital staffs and patients hospitalized for causes unrelated to the central nervous system. All were free of any disorder affecting movement or mental state.
Apparatus. Fig. 1 shows schematic representation of the experimental apparatus. A simplified block-diagram of the visuomotor performance system is shown in Fig. 2 . The input signal, r (t), was unpredictable random noise produced by passing Gaussian noise through a filter transfer function of which was given by 1/(s+1)3.
The frequency range of the input signal ranged from 0.01 to 3Hz.
A cathode ray oscilloscope was used for target display.
A vertical target line, 40 mm in length, was displayed and driven horizontally Fig. 1 . A schematic representation of the experiment. Subject was requested to manipulate the handle of the potentiometer as fast as possible when he detected the target drift to the center. With the visuomotor performance system, dynamic characteristics evaluated by the reaction time and gain constant and the cognitive function measured by P300 potentials were studied, simultaneously. Fig. 2 . A simplified experimental block-diagram of a visuomotor performance system. Imput, r(t)=unpredictable random noise; output, c(t); error, e(t)=displayed on an oscilloscope as a target movement; n(t)=the non-linear component of the human manipulation; the transfer function of the human operator Gh(s) and the transfer function of the system Gp(s).
across the screen within an 80 mm band. The subject manipulated the handle of the potentiometer to compensate for the movement of the target line from the center. The potentiometer's gain was set up so that a rotation of the handle 90 degrees to either side was virtually equal to a movement of 40mm on either side of the target. The transfer function of the system was represented by the equation, Gp(s)=1.
The gain constant between the input and output was measured with the open-loop and closed-loop transfer function of the system. The dead time (=reaction time in clinical basis) was calculated as a maximal lag time between the input and the output signals (Kimura 1976) .
For recording of the event-related potential, a multimodality evoked potential analyzer (Pathfinder type II, Nicolet Com., Madison, WI, USA) was adopted in the visuomotor performance system. Electroencephalographic responses were recorded at the Pz in 10-20 international method, referred to linked mastoid electrode.
Evoked responses to the rare sequence (attending to the target movement) and frequent stimuli (indifferent to the target movement) were filtered with a band-pass filter of 0.5-150Hz (filter slope=112 dB/octave) and averaged over an analysis time of 1000 msec. An impedance of each recording electrode was always maintained at 4 killo-ohms or less.
The subject was seated in a sound-attenuated, dimly lit room and affixed with Ag/AgC1 standard electrodes placed on the midline of the scalp at Fpz and Pz. Additional electrodes was placed near the outer canthus of the left eye and in conjunction with the Fpz lead served as an eye movement/blink reflex monitor channel. The subject was requested that to manipulate the handle of the potentiometer as fast as possible when he detected the target drift to the center line. The time of each experiment was set up 300 sec in consideration of the stability and fatigue of the patients. Control performance gradually improved with time; therefore, in this study, the data was analyzed only after the subject had learned how to use the manipulating handle. Relationship between P300 latency and age of each subject is shown in Fig. 6 . The amplitude of P300 component was calculated from the baseline to the peak of the component. No significant difference was obtained between Parkin son's disease patient and normal subjects.
RESULTS

DISCUSSION
In a Parkinson's patient, whether the motion is slow or rapid, quantitative analysis of the voluntary movement indicates that the accuracy of matching the target movement is considerably worse than it is in the normal subject. This parkinsonian motor disturbance has been defined by two characteristic parame ters: (1) decreased gain constant which indicates the amplitude of the voluntary movement was prominently decreased and (2) prolonged reaction time which is assessed by the dead time on visuomotor performance system and it indicates initiation of the voluntary movement was delayed and movement itself was slow.
On the other hand, recent reports documented some cognitive dysfunction using standard psychometric tests (Mortimer et al. 1982; Weingartner et al. 1984) motivates our present study. The objective assessment of the cognitive function presents a special problem for the neurologist. Traditionally clinical examina tions and specialized neuropsychological tests have been the only method used in clinical practice to assess mental and intellectual states. However, these methods frequently depend on subjective interpretation, and the examination procedures themselves can be so time-consuming that they are sometimes impractical as serial measures of the cognitive function. The latency of P300 component increased regularly with the increasing of age at a rate of 1.88 msec per year in our study. This value conforms with those initially reported by Squires et al. (1980) , Syndulko et al. (1982) , Lawson et al. (1984) and Picton et al. (1984) . The maximal slope of the regression line was somewhat less than a rate of 2.22 msec per year by Lawson et al. (1984) , but slightly higher than the data of 1.36 and 1.07 msec per year by Picton et al. (1984) and Syndulko et al. (1982) , respectively. Goodin et al. (1978) and Beck et al. (1980) , on the other hand, described these relations with nonlinear, more compli cated equations. In younger subjects aged below 15 year-old, Goodin et al. (1978) reported P300 latency decreased with the increasing of age. Recent report by Finley et al. (1985) confirmed this inverse relationship in younger ages. Mullis et al. (1985) obtained quadratic relationship between these two parameters. Con cerning adult subjects with ages above 15 year-old, all data indicates P300 latency increases with the increasing of age at a rate of 1.0-2.2 msec per year. The difference of these rates of each reporter may mainly depend on variations of the subjects sampled and may also be due to technical differences in requiring target modality. Therefore, it is essential that P300 latency in each patient should be compared to the normal value of exactly age-matched controls.
This is the first report describing that P300 latency is significantly prolonged in patients with Parkinson's disease and there is no linear correlation between the prolongation of P300 latency and motor disability. P300 latency has been reported to be prolonged in several neuro-psychiatric disorders including dementia, depression, confusional states, chronic renal failure and chronic alcohol ism (Pfefferbaum et al. 1980; Squires et al. 1980; Syndulko et al. 1982; Cohen et al. 1983; Goodin et al. 1983 ). Although the numbers of patients examined in this study was not enough to reach a conclusion, we suggest that main causes of the cognitive impairment in patients with Parkinson's disease are coexisting of dementia, whether it may be clinical or subclinical, and defective motivation just as it was observed in patients with depression and confusinal states. Because we failed to obtain the relationship between the prolongation of P300 latency and the severity of the motor disability, we cannot conclude that cognitive failure is due to intrinsic deficit in Parkinson's disease. It will be essential to examine whether Considering the results in other reports described in patients with dementia and our unpublished data examined in patients with cerebrovascular dementia, we represent a schema explaining the time relationship between the afferent sensory and motor performance components examined by the visuomotor perfor mance system in normal subjects and patients with Parkinson's disease and dementia in Fig. 7 . The time necessary for the afferent sensory perception is about the same in normal subjects, as in patients with dementia and Parkinson' s disease, but the time necessary for the cognitive process is prolonged in patients, more prominent in patients with dementia than in patients with Parkinson's disease. On the other hand, the time necessary for the motor performance is significantly prolonged in patients with Parkinson's disease than in normal subjects or patients with dementia. Therefore, bradycinesia has been proved to be caused by impairments mainly in the motor side, however, the cognitive impairment has also been proved as an another cause of this characteristic disability, although it plays very small parts.
